PBN1 was identified as a gene required for production of protease B (PrB) activity in Saccharomyces cerevisiae. PBN1 encodes an endoplasmic reticulum (ER)-localized, type I membrane glycoprotein and is essential for cell viability. To study the essential function(s) of Pbn1p, we constructed a strain with PBN1 under control of the GAL promoter. Depletion of Pbn1p in this strain abrogates processing of the ER precursor forms of PrB, Gas1p, and Pho8p. Depletion of Pbn1p does not affect exit of proprotease A or procarboxypeptidase Y from the ER, indicating that Pbn1p is not required for global exit from the ER. Depleting Pbn1p leads to a significant increase in the unfolded protein response pathway, accompanied by an expansion of bulk ER membrane, indicating that there is a defect in protein folding in the ER. pbn1-1, a nonlethal allele of PBN1, displays synthetic lethality with the ero1-1 allele (ERO1 is required for oxidation in the ER) and synthetic growth defects with the cne1⌬ allele (CNE1 encodes calnexin). ER-associated degradation of a lumenal substrate, CPY*, is blocked in the absence of Pbn1p. These results suggest that Pbn1p is required for proper folding and͞or the stability of a subset of proteins in the ER. Thus, Pbn1p is an essential chaperone-like protein in the ER of yeast.
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chaperone ͉ protein folding ͉ unfolded protein response T he endoplasmic reticulum (ER) in eukaryotes is home to a variety of chaperones and enzymes that monitor the status of every protein that enters the secretory pathway (1) . With the help of these chaperones and enzymes, transiting proteins and ER resident proteins are folded properly into their native conformations. This quality-control pathway also includes protein disulfide-bond formation and glycosylation. Once folded, the proteins are either retained in the ER or transported to the Golgi apparatus, from which they travel to their final destinations. Many factors can perturb this ER folding machinery, including inhibition of N-linked glycosylation, treatment with calcium ionophores, alteration in the oxidation state of the ER, and misfolding of secretory proteins, leading to a block in exit from the ER. In most cases, these kinds of perturbations induce the unfolded protein response (UPR) pathway; as a result, transcription of chaperone genes and other genes involved in protein folding are up-regulated (2, 3) . In some cases, misfolding of proteins leads to retrotranslocation from the ER and subsequent degradation of the protein by the cytoplasmic proteasome via a pathway called ER-associated degradation (ERAD) (4) .
PBN1 is an essential gene that was identified in a screen for mutants that were deficient for protease B (PrB) activity (5) . Pbn1p is a type I membrane glycoprotein and resides in the ER of yeast. No phenotypic change other than PrB deficiency and a mild sensitivity to the reducing agent DTT has been associated with the pbn1-1 allele (5). The PrB precursor undergoes glycosylation and four proteolytic cleavages during maturation (6, 7) . The pbn1-1 strain lacks PrB activity, because the second and subsequent proteolytic cleavages fail to occur; the PrB processing intermediate is retrotranslocated and degraded by the cytosolic proteasome (5).
Pbn1p shows a strong interaction with the propeptide of PrB, suggesting that Pbn1p may be involved in the autocatalytic cleavage of Prb1p in the ER (5). Because Prb1p protein and its activity are dispensable for cell growth and survival, Pbn1p must have additional important functions in the cell that render its activity essential for viability.
A recent report, published during the preparation of this manuscript, indicates that Pbn1p may be a functional homologue of the protein PIG-X in higher eukaryotes (8) . PIG-X is a component of the glycosylphosphatidylinositol-mannosyltransferase I (GPI-MT I) complex and is involved in the addition of the first mannose residue to the GPI anchor precursor. PBN1 also has sequence homologues in a few other fungal species. Pbn1p has no previously characterized sequence motifs, nor does it belong to any superfamily of proteins.
The evidence for the ER localization of this protein in yeast, its involvement in the processing of the ER form of Prb1p, and the DTT sensitivity conferred by the pbn1-1 allele raised the possibility that Pbn1p might play a role in protein folding and quality control in the ER. To discover the essential function of Pbn1p, we exploited the GAL shut-off system to stop transcription of PBN1. Depleting Pbn1p from the cell results in perturbations in the normal functioning of the ER, as evidenced by a delay in processing of certain proteins that transit through the ER and by induction of the UPR pathway. The role of Pbn1p in general ER protein folding and quality control was also demonstrated by synthetic interactions between pbn1-1 and mutant alleles of other genes involved in these processes. Our data here demonstrate that Pbn1p is essential for proper processing of proteins in the ER of Saccharomyces cerevisiae.
from the depletion of Pbn1p, as evidenced by the loss of HA-Pbn1p after the shift to glucose (Fig. 1B) .
To determine whether this loss of Pbn1p results in a defect in Prb1p processing, as reported in ref. 5 , we performed Western blots. We observed a rapid decrease in the amount of the mature, vacuolar form of PrB (mPrB) in the cells shifted to glucose (Fig.  1C) . Cessation of production of mPrB should be a consequence of both the absence of Pbn1p and the catabolite repression of transcription of PRB1 by glucose (10) . To confirm that the absence of mPrb1p from the cell is due to the failure to further process the ER precursor form, we performed metabolic labeling followed by immunoprecipitation using the anti-Prb1p antibody. A pulse-chase experiment performed at 24 h after shift to glucose demonstrated that the 72-kDa ER form remains unprocessed for a much longer time when compared with cells grown in galactose (Fig. 1D) . At 30 min, cells grown in galactose show a disappearance of the ER form and the appearance of mPrB. However, at the same time point, cells grown in glucose still have the ER precursor form, although this amount is significantly lower compared with the initial time point (Fig. 1D) . Importantly, there is no trace of the Golgi or vacuolar form of the protein when grown in glucose. This block in processing of the ER form is seen as early as 12 h after shift to glucose (see Fig. 6 , which is published as supporting information on the PNAS web site). Thus, this strain recapitulates the Prb1p-processing defect seen in the pbn1-1 strain (5). We used this conditional PBN1-expression strain to assay ER protein folding and quality control.
Lack of Pbn1p Affects Processing of a Subset of Proteins that Transit
Through the ER. Cells depleted for Pbn1p were tested for their ability to process and transport the GPI-anchored plasma membrane protein, Gas1p, the integral membrane vacuolar protein, alkaline phosphatase (ALP), and the vacuolar lumenal proteins carboxypeptidase Y (CPY) and protease A (PrA) out of the ER. Gas1p is a 110-kDa protein that becomes glycosylated and attached to the membrane by a GPI anchor in the ER (11) . Upon transport from the ER to the Golgi, Gas1p is further glycosylated (125 kDa).
Immunoblotting for Gas1p revealed a single band of 125 kDa, which is the mature Golgi͞plasma membrane form, when cells were grown in galactose medium ( Fig. 2A) . Although we observed a single 125-kDa form at 4 and 8 h of growth in glucose medium, we observed accumulation of the 110-kDa ER form as early as 12 h in glucose (Fig. 2 A) . This ER form was present in substantial amounts Cells were harvested at the indicated time points. Equal amounts of total protein were loaded in each lane, and immunoblotting was performed with anti-CPY, anti-PrA, anti-Gas1p, and anti-glucose 6-phosphate dehydrogenase (G-6PD) antibodies. SEC18 (BJ 2666) and sec18-1 (BJ 4533) extracts were used as controls for the mature and ER forms of Gas1p, respectively. (B) BJ 10242 and BJ 5410 cells grown in Wickerham's medium containing galactose were shifted to Wickerham's medium containing glucose at 30°C for 20 h, pulsed for 10 min with trans 35 S and chased with excess unlabeled methionine and cysteine for 0, 30, and 60 min. Total protein was immunoprecipitated with anti-CPY or anti-ALP antibody. The immunoprecipitates were subjected to SDS͞PAGE and were analyzed by using a PhosphorImager. pep4⌬ cells processed similarly served as a negative control of CPY and ALP processing.
at 16 h after shift to glucose medium but started to disappear at 20 h after shift. Concomitant with the appearance of the ER form of Gas1p was the reduction in the amount of mature Gas1p (Fig. 2 A) . We confirmed the identification of the lower-molecular-weight form as the ER form of Gas1p by using a sec18-1 (12) strain, which is defective in ER exit, as a control (Fig. 2 A) . The disappearance of the ER form at later time points may be due to ERAD or some other form of degradation due to instability, misfolding, and͞or unfolding of this protein.
ALP (Pho8p) is a type II vacuolar-membrane protein that is synthesized as a precursor, is glycosylated in the ER, and, upon entering the vacuole from the Golgi, undergoes cleavage at the lumenal C terminus, resulting in the mature and active enzyme (13, 14) . To test the rate of maturation of the ALP precursor (pALP), we performed a pulse-chase assay on WT cells or GAL-PBN1 cells grown in glucose medium for 20 h, followed by immunoprecipitation. In WT cells, we observed complete maturation from the ER to the vacuolar form as early as 30 min after initiation of the chase (Fig. 2B) . However, in the GAL-PBN1 strain after shift to glucose, the ER form did not disappear, even after 60 min of chase, indicating that there was a delay in the maturation of pALP (Fig.  2B) . We used the pep4⌬ strain as a control for the size of pALP. Pulse-chase experiments performed at 12 h after shift to glucose, the earliest time point where there is little or no visible Pbn1p (Fig.  1B) , indicated a slight but visible delay in the processing of ALP in cells grown in glucose (Fig. 6) .
It had been shown that pbn1-1 does not affect the processing of the vacuolar lumenal enzymes, CPY (encoded by PRC1) and PrA (encoded by PEP4) (5) . To determine whether this result was because of allele specificity or whether total depletion of Pbn1p might lead to a different outcome, we looked at levels of CPY and PrA in WT and GAL-PBN1 cells. We observed a reduction in protein levels immediately after the shift to glucose, presumably owing to catabolite repression and rapid cell division in glucose, in both WT (see Fig. 7 which is published as supporting information on the PNAS web site) and GAL-PBN1 cells (Fig. 2 A) . At later time points, we did not observe accumulation of any CPY precursor form (p2 CPY accumulates in the pep4⌬ mutant) in either strain; rather, we observed a steady increase in the amount of the mature forms of these proteins (Fig. 2 A) only in the GAL-PBN1 strain. This increase in protein levels reflects the transcriptional up-regulation of genes encoding CPY and PrA under conditions of UPR upregulation (as reported below). We also checked whether there was a kinetic delay in processing of CPY. Pulse-chase analysis indicated that there was little or no difference in the rate of processing of precursor forms of CPY between the WT and GAL-PBN1 strains (Fig. 2B) . We used the pep4⌬ strain to identify the p1 (ER) and p2 (Golgi) forms of CPY, because this strain is blocked in maturation of the p2 form (Fig. 2B) . The results for PrA processing are comparable with that of CPY; there is no accumulation of the precursor (Fig. 2 A) .
These results suggest the following: (i) Pbn1p function is required for processing of only a subset of proteins that transit through the ER; (ii) Pbn1p is not specifically involved in disulfide-bond formation, because both CPY and PrA have intramolecular disulfide bonds (15, 16) ; and (iii) Pbn1p function is not required for global ER exit, but might be required for proper exit of a few proteins, namely pGas1p and pALP.
Absence of Pbn1p leads to UPR Induction and ER-Membrane Proliferation. If Pbn1p is involved in protein folding and͞or in maintaining stability of transiting proteins in the ER, an absence of Pbn1p should lead to the accumulation of unfolded and͞or misfolded proteins in the ER. It has been well documented that perturbing the ER protein-folding machinery leads to up-regulation of the UPR pathway (17) . The UPRE-lacZ construct has lacZ under the control of the UPR element, a 22-bp palindromic sequence present upstream of a set of UPR-responsive genes (18, 19) . Therefore, any increase in ␤-gal activity compared with basal levels is indicative of accumulation of unfolded proteins in the ER.
To determine whether depleting Pbn1p induces the UPR pathway, we transformed the UPRE-lacZ construct into the WT and GAL-PBN1 strains. At 12 h after shift to glucose medium, when there is very little HA-Pbn1p visible in Western blots, the ␤-galspecific activity was very high (Fig. 3A) in the GAL-PBN1 strain. The ␤-gal-specific activity at this time point was comparable with the ␤-gal-specific activity present in WT cells treated with 5 g͞ml tunicamycin or 5 mM DTT for 3 h (Fig. 3B) . With increasing time in glucose, we observed a rapid increase in UPR as evidenced by the increase in ␤-gal activity (Fig. 3A) . Significantly, WT cells shifted from galactose to glucose did not show induction of the UPR pathway (Fig. 3A) , indicating that the UPR induction in GAL-PBN1 cells is due to depletion of Pbn1p and not to a change in carbon source.
It is known that UPR increases the transcription of ER chaperone genes (18) . We looked at levels of Kar2p (BiP), which is an ER lumenal chaperone, during depletion of Pbn1p. Western blots were performed on cell extracts harvested at various time points after the shift to galactose-or glucose-containing medium. As expected, the amount of Kar2p steadily increased with increasing time in glucose but did not increase when cells were kept in galactose-containing medium (Fig. 3C) . These results indicate that depletion of Pbn1p disturbs the normal folding pathway in the ER, leading to the accumulation of unfolded proteins in the ER, and induction of the UPR pathway.
It had been observed that the induction of the UPR leads to an increase in bulk ER membrane (20) by up-regulating genes required for lipid biosynthesis, thus facilitating the accommodation of unfolded proteins. To check whether any expansion in total ER membrane occurs, we performed electron-microscopic analysis on GAL-PBN1 cells grown in glucose at various time points. Cells harvested at 0 h after shift to glucose medium did not show any abnormalities in cell morphology (Fig. 3D) , whereas cells grown in glucose medium for 13 or 17 h showed an increase in the bulk ER membrane (Fig. 3D) , as seen by the long membranous structures indicated by arrows. However, at 23 h after shift to glucose, there seemed to be a possible disintegration of the ER (Fig. 3D) , as indicated by arrowheads. We confirmed that this phenotype was not merely due to shifting the cells from galactose to glucose medium, because WT cells did not show this phenotype (see Fig. 8 , which is published as supporting information on the PNAS web site). This change in cellular morphology was not due to depletion of an essential protein per se, because depletion of the essential Ytm1p in a GAL-YTM1 strain upon shift to glucose did not result in any changes in cellular morphology, even at a time point when the cells were no longer dividing (Fig. 8) , indicating that the morphological changes in Pbn1p-lacking cells were not due to depletion of any essential protein but to the absence of Pbn1p. Pbn1p-depleted cells were then compared with cells that were depleted of Kar2p. The ER-expansion morphology of Pbn1p-depleted cells was comparable with that of a GAL-KAR2 strain shifted to glucose (Fig. 8) . Thus, lack of Pbn1p results in the expansion of ER membrane, suggesting that Pbn1p is required for normal functioning of the ER. We examined the viability of GAL-PBN1 cells after transfer to glucose medium. At 24 h after shift, Ϸ30% of the cells could form colonies on galactose-containing medium; by 30 h after shift, viability had fallen to Ϸ10%.
pbn1-1 Shows Synthetic
Interactions with ero1-1 and cne1. If Pbn1p, indeed, plays a role in general protein folding in the ER, combining a mutant allele of PBN1 with mutant alleles of other genes whose protein products are involved in the same processes might produce synthetic and͞or exacerbated preexisting phenotypes. Ero1p is a protein involved in maintaining oxidative conditions in the ER and is required for disulfide-bond formation (15, 21) . ERO1 is a target of the UPR pathway (22) , and a strain bearing a mutant allele of this gene, ero1-1 ts , was completely compromised in disulfide-bond formation for procarboxypeptidase Y in the ER (15, 23) under restrictive conditions. To test for synthetic interactions between the pbn1-1 and ero1-1 alleles, we crossed a pbn1-1 strain with an ero1-1 strain. Presence of the pbn1-1 allele was manifested as a negative test for PrB activity in a plate assay. Presence of the ero1-1 allele was manifested as inability of cells to grow at 37°C. Diploids from such a cross were sporulated, tetrads were dissected, and the spores were germinated at room temperature. Twenty-three spores were of the genotype ERO1 PBN1; 26 spores were ERO1 pbn1-1, and 23 spores were ero1-1 PBN1; not a single spore of genotype pbn1-1 ero1-1 was recovered, clearly indicating that the pbn1-1 and ero1-1 alleles result in nonviability when present in the same strain.
Cne1p is the yeast homologue of the calnexin protein found in the ER membrane (24) . Cne1p is a molecular chaperone involved in the folding of glycoproteins in the ER and is also involved in the retention of misfolded and unfolded proteins in the ER (25) and in ERAD (26, 27) . We generated a cne1⌬ strain and crossed this with the pbn1-1 strain, sporulated the diploid, and dissected tetrads. We did not observe any difference in the growth phenotypes of the single and double mutants on rich medium or synthetic complete medium. However, when we looked for growth defects in medium containing DTT, the cne1⌬ pbn1-1 strain grew very poorly, whereas the single mutants, WT control, and the parents showed no growth defects (Fig. 4) . These results suggest that Pbn1p may have a role in ER protein folding.
Lack of Pbn1p Blocks ERAD. ERAD is a specialized machinery that is involved in targeting misfolded proteins for degradation by the cytosolic proteasome. Broadly, proteins in the ER that are identified as misfolded are retrotranslocated back to the cytosol and are subsequently degraded by the ubiquitin-proteasomal machinery (4, 25) . We suspected that Pbn1p-depleted cells might be compromised for ERAD for two main reasons. First, Pbn1p may be acting as a chaperone and may be directly involved in presenting certain misfolded proteins to the ERAD machinery. Second, because Pbn1p-depleted cells are under a severe ER folding stress, the ERAD machinery may be saturated in these cells, which may lead to a delay in the degradation kinetics of certain substrates. We chose CPY*, a mutant form of CPY that is degraded by the ERAD machinery (28) , as a representative substrate for lumenal proteins. We harvested WT and GAL-PBN1 cells bearing a plasmid containing CPY*-HA (28) at 20 h after shift to glucose medium and performed pulse-chase, followed by immunoprecipitation with anti-HA antibody on cell extracts with equal amounts of radiolabeled material. As expected, in WT cells, CPY*-HA levels decreased with increasing chase times (Fig. 5A) . Quantitation of these bands revealed that the total amount of CPY*-HA was reduced from 100% at 0 min to Ϸ50% at 90 min of chase (Fig. 5B) . In contrast to this result, in GAL-PBN1 cells that had been incubated in glucose for 20 h, the amount of CPY*-HA was identical at the 0-and 90-min chase time points (Fig. 5B) . This observation shows that Pbn1p is required either directly or indirectly for ERAD of certain lumenal substrates.
Ste6p is an ATP-binding-cassette transporter that resides in the plasma membrane of MATa cells and functions in the export of mating pheromone-a factor from cells. Ste6p* is a C-terminal cytosolic truncation mutant of this multispanning membrane protein that is retained in the ER and subsequently degraded by the ERAD machinery (29) . Although the lesion in Ste6p* is cytosolic, we determined whether lack of Pbn1p affected the ERAD of this protein. We harvested WT and GAL-PBN1 cells bearing a plasmid containing STE6*-HA (29, 30) and assayed for ERAD of this protein by pulse-chase analysis. At 60 min of chase, both WT cells and cells lacking Pbn1p showed complete degradation of Ste6p*-HA (Fig. 5 C and D) . This result suggests that either Pbn1p function is not required for the ERAD of membrane-bound proteins or that Pbn1p is not involved in mediating ERAD of proteins with lesions in the cytosolic domain. This phenotype is similar to that of cells bearing mutant or null alleles of KAR2 (30, 31) .
Discussion
The genome of S. cerevisiae contains Ͼ6,000 genes; Ͻ15% of these genes are absolutely essential for cell survival and viability. We report here that PBN1 is an essential gene involved in protein processing in the ER and might act in protein folding and͞or quality control. Cells lacking Pbn1p show a delay or block in the processing of a subset of proteins that transit through the ER: precursors to a lumenal vacuolar protein, PrB, a GPI-anchored cell-wall protein, Gas1p, and a type II vacuolar membrane protein, ALP. Depleting Pbn1p from cells results in induction of the UPR pathway, a classical indication of perturbation of normal protein folding in the ER. Thus, Pbn1p has an essential and global function in the yeast cell.
The UPR pathway is induced in cells after PBN1 transcription is shut off. The downstream target of a UPR stimulus is the transcriptional up-regulation of a variety of genes. It has been demonstrated, by using whole-genome microarray analysis, that the UPR not only targets genes like KAR2, PDI1, ERO1, and FKB2 that are directly involved in protein folding, but also up-regulates the transcription of a wide variety of other genes. These target genes range from those involved in ER translocation, glycosylation, and modification to those that engage in protein degradation, lipid biosynthesis, cell-wall biogenesis, and vesicle trafficking; Pbn1p is not among them (22) . However, up-regulation of these 400 or so genes is insufficient to maintain the viability of cells lacking Pbn1p, implying that Pbn1p function is nonredundant with products of any of the genes that are UPR targets. Therefore, it is likely that Pbn1p has a unique function in mediating ER protein folding and quality control in the yeast cell.
It is notable that PBN1 itself is not a target of the UPR pathway, as seen in microarray analysis (22) , even though its function seems critical in this pathway. pbn1-1 did not show synthetic phenotypes with ire1⌬ or hac1⌬, key elements required for up-regulation of the UPR pathway (data not shown), unlike certain other mutant alleles of genes that encode components of the ER quality-control and folding machinery (28) . This finding is consistent with the fact that certain other genes, like CNE1 and EPS1, which are important components of the ER protein-folding machinery, are not targets of the UPR pathway (22) .
In results reported here, Pbn1p is required for ERAD of lumenal CPY* but not for ERAD of a membrane protein with a cytosolic lesion, Ste6p*. Similarly, Cne1p has been shown to be required for the degradation of the lumenal ERAD substrate pro-␣ factor (27) but is not essential for ERAD of membrane-bound CFTR in yeast (31) . Currently, there is a substantial body of evidence suggesting that the ERAD requirements for lumenal and membrane-bound ERAD substrates are nonoverlapping, for the most part (4) . However, because we demonstrated that a lumenal PrB-processing intermediate was subjected to ERAD in the pbn1-1 mutant (5), any conclusion about Pbn1p being involved in discrimination among substrates is premature. We cannot rule out the possibility that the ERAD defect observed in Pbn1p-depleted cells is due to excess unfolded proteins in the ER and a saturated ERAD machinery. If this is true, then Pbn1p may not be involved directly in ERAD.
The results of the morphological analysis of cells that do not have Pbn1p revealed expansion of the ER membrane at early time points, which may be a direct consequence of UPR induction (20) , and the expanded ER membrane may provide a storage space for the excess unfolded proteins. However, at 23 h after glucose shift, there is disintegration of membranous structures, raising the possibility that loss of Pbn1p from the cell may be causing such adverse effects on the general protein-folding and quality-control machinery that it results in destabilization of the ER membrane and consequent death of the cells. The importance of Pbn1p in normal ER function is further corroborated by the observation that a benign allele of PBN1 (pbn1-1) showed synthetic lethality with a strong mutant allele of ERO1 (ero1-1). Despite the synthetic lethality observed between pbn1-1 and ero1-1, it is unlikely that Pbn1p is directly required for oxidative protein folding and disulfide-bond formation in the ER, because maturation of disulfidebond-containing proteins procarboxypeptidase Y and proPrA were normal in Pbn1p-depleted cells. However, Pbn1p might be acting in pathways either downstream or in parallel to disulfide-bond formation and could be involved in subsequent protein folding and͞or processing of a subset of proteins, accounting for the lethality of the pbn1-1 ero1-1 strain.
Protein processing in the early secretory pathway can be delayed if recruitment of cargo molecules into COPII vesicles is blocked. Erv29p in yeast is required for efficient packaging of procarboxypeptidase Y (p1CPY) and proPrA into COPII vesicles but is dispensable for the transport of Gas1p, invertase, and pALP out of the ER (32) . At the same time, Emp24p is required for recruiting Gas1p and invertase into COPII vesicles and not required for p1CPY or pALP exit from the ER (33). Pbn1p might be one such protein required for efficient packaging of selective cargo into COPII-coated vesicles. But neither Erv29p nor Emp24p is required for cell viability. Therefore, although Pbn1p might have a function in COPII cargo recruitment, it has additional roles not shared with proteins like Erv29p and Emp24p that render Pbn1p essential for life.
Pbn1p might mediate processing of Gas1p and pALP by physically interacting with these proteins. Our attempts to look for specific interactions by two-hybrid analysis, coimmunoprecipitation, and affinity purification yielded no significant results. Other purification methods and͞or conditions need to be used to look for this interaction. In this context, it is important to note that it had been shown that Pbn1p interacts specifically with the propeptide of PrB. Although pALP has a pro domain, the absence of a pro region in Gas1p leaves us with no candidate for the basis of protein interactions of Pbn1p.
As mentioned earlier, Pbn1p has a functional homologue in higher eukaryotes. However, we do not know what the significance of the homology between Pbn1p and PIG-X is in relation to our results. The following points are worth noting: (i) the mammalian and yeast proteins are Ͻ20% identical in the overlapping region, (ii) complementation of the PIG-X mutant phenotype was not achieved by transfection with PBN1 alone but required cotransfection with another gene, GPI14, the catalytic component of GPI-MT I in yeast (8) , (iii) in the absence of Pbn1p, the processing of a GPI-anchored protein Gas1p was affected, but the defect was in conversion of the ER to the Golgi form, and (iv) absence of Pbn1p abrogates or impairs the processing of precursors to at least two proteins in yeast that lack GPI anchors.
A variety of whole-genome approaches has been undertaken to elucidate the role of every single gene in the overall biology of S. cerevisiae and has provided us with an enormous amount of information. However, it is imperative that we still study the function of genes individually at a detailed molecular level. The reason for this is twofold. First, such global screens result in a significant number of false positives. Second, such screens miss some genes, for unknown reasons, time and again. Pbn1p is a protein that has been missed by all of the whole-genome genetic and physical-interaction screens performed thus far in yeast (www-.yeastgenome.org). This article presents an example of a study of an essential gene in yeast whose function was unknown. From our studies, it is clear that Pbn1p is required for normal functioning of the ER. Pbn1p might engage in protein folding and quality control in the ER, including in the ERAD of certain substrates. However, the precise molecular function of Pbn1p in protein folding and ERAD awaits further investigation.
Materials and Methods
BJ 10242 (MATa ura3-52 trp1 leu2-⌬1 his3-⌬200 GAL2 KANMX6-pGAL1-HA-PBN1) was constructed by PCR amplifying the GAL-3X HA construct with specific primers for PBN1, as recommended by Longtine et al. (9) and transforming the fragment into BJ 5410 (MATa ura3-52 trp1 leu2-⌬1 his3-⌬200 GAL2) and selecting on G418-containing plates. For other strains, plasmids, and reagents used in this study please refer to Supporting Methods, which is published as supporting information on the PNAS web site. Techniques used for yeast molecular biology, genetics, and protein extraction for immunoblotting were described in refs. 34 and 35. For kinetic analysis of protein processing, cells were grown at 30°C in YEPgal, followed by pregrowth in Wickerham's medium containing galactose and then shifted to Wickerham's medium plus glucose. Cells were harvested and processed for metabolic labeling and immunoprecipitation as described in ref. 35 . For electron-microscopic analysis of ER morphology, Robin Wright's KMnO 4 method was used (36) .
